plays in the occurrence of cerebral damage in the newborn because of the frequency with which it is accompanied by birth trauma. It is possible that birth trauma is the more important factor, particularly as there is experimental evidence of the resistance of cerebral structures to the effects of anoxia (Windle 1950 , Ford 1952 , but there is also evidence in man that the white matter succumbs to the effects of anoxia with an cedema of the affected cells which leads to hiemorrhage and necrosis and eventually to a replacement gliosis, so that there is a permanent impairment of cerebral function. This is illustrated by a child of 2 years who developed an advanced bilateral optic atrophy following a prolonged period of profound anoxia after general anesthesia, in the absence of any other contributory cause.
It must be appreciated also that sometimes the occurrence of birth trauma and asphyxia may be simply of an incidental nature when the neurological deficit occurs purely because of a prenatal developmental anomaly, as in certain cases of cerebral diplegia.
There are 7 other cases which might have been included in this series of cases because at one time the optic discs were regarded as showing an appearance suggestive of an optic atrophy, but on further investigation were regarded as being within normal limits. This is an indication of the difficulties which sometimes exist in making an adequate assessment ofthe optic discs, particularly in the young child, and this is accentuated by the relative pallor of the temporal part of the optic disc which is commonly a normal feature. This relative temporal pallor is obvious when there is a significant degree of myopia and it follows that a case showing a fairly marked anisometropia causes increased problems in an assessment of the optic discs, because such cases fail to show the parity which is usually found in the appearance of the two optic discs. I hope that this brief account of optic atrophy in infancy and early childhood illustrates the fact that the ophthalmologist cannot act in isolation in an assessment of such cases. The investigation of visual function in young children relies principally or entirely on objective methods of assessment because of a child's lack of speech, understanding and co-operation. This point has already been emphasized, and I shall now describe the use of optokinetic stimuli and of electrodiagnostic tests as additional objective methods of investigation which may yield valuable information concerning visual function and which may also serve to localize the cause of a visual defect where this cannot be achieved by clinical examination alone.
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Optokinetic Stimuli
Optokinetic stimuli are of value in making both qualitative and quantitative judgments regarding visual function in the very young. The assessment of following responses to such moving targets as a light or brightly coloured toys is an important basic part of the routine clinical ophthalmic examination. A lack of visual responses to such targets may have one of two causes: either the young child has very defective vision or, because of mental retardation, he exhibits no interest in the visual lures which are presented to him (although his visual pathways are in fact intact). This state may be termed 'apparent blindness' and can be very difficult to differentiate from real blindness in young children on clinical grounds alone. This subject will be discussed in more detail when the uses of visually evoked cortical responses are described, but it is worth noting at this stage that moving stripes are very powerful visual stimuli, and that some children who do not follow lights and lures will respond to optokinetic stimuli, so that this form of clinical examination, which is easily performed, offers one method of differentiating some of the non-responsive patients from those who are truly blind. When optokinetic stimuli are used for this simple purpose it is most important that wide stripes and attractive repetitive patterns, which exert a maximum visual stimulus, are used (Fig 1) . Similar wide stripes are also used when investigating the asymmetry of optokinetic responses occurring when the stripes are moved in opposite horizontal directions which is a feature of certain lesions of the optic radiations and of the visual cortex. The quantitative assessment of visual acuity by the objective method I Present address: Department of Ophthalmology, General Infirmary, Leeds of graded optokinetic stimuli has been described by many authors and it is particularly valuable in young children where alternative subjective methods of testing are not available. However, because of the practical difficulties involved, such techniques have not yet been incorporated into routine pediatric ophthalmic examination. The principle of the test is to present to the subject moving stripes of graded width; the width of the narrowest stripe which evokes a following response is then a function of the resolving power of the eye and thus of the visual acuity. Unfortunately, the forms of apparatus which have been devised for this assessment have often been large and clumsy. One which gives promise of being more easily adapted for routine clinical testing uses the principle of the helical roller ( Fig 2) ; stripes are wound around the long axis of a roller so that as this is rotated they appear to move in a direction at right angles to this axis. If interchangeable sleeves bearing stripes of different widths are fitted over the roller then the minimum width of stripe which elicits an optokinetic response can be discerned.
Electrophysiological
Methods ofInvestigation
In older children, the methods of electrodiagnostic investigation do not differ from those which are well known in adult patients: electrooculography, electroretinography and the assessment of visually evoked cortical responses can all be carried out without sedation on cooperative children of more than 6 years of age. However, on account of a natural apprehension and a lack of awareness of what is required of them, it is not possible to obtain reliable information from these investigations in normal children below the age of 6 years, or in older children who are mentally retarded or otherwise uncooperative, unless certain modifications in technique are introduced. At the same time, because of the premium placed on objective forms of examination in the very young, electrodiagnostic investigations are of particular importance in this age group. This lack of co-operation has meant that no entirely satisfactory technique of electro-oculography has yet been devised for use with young children, but electroretinography and the investigation of visually evoked cortical responses have a very valuable place in p;ediatric visual assessment.
Electroretinography is a method of recording the mass electrical response which occurs in the outer layers of the retina when a bright flash of light is presented to the eye. The response is detected using a contact lens bearing an active electrode which is applied to the cornea, while indifferent and earth electrodes are applied to the skin of the face. The changes in electrical potential which follow the light stimulus are amplified and recorded either photographically or written out on paper. The normal response, which has an initial a-wave of negative potential followed by a b-wave of positive potential, increases in amplitude during dark adaptation so that successive recordings must be made during the period of dark adaptation as an integral part of the test. It is important that the pupil is fully dilated so that a maximum and standardized amount of light enters the eye following the flash; finally, the eye must remain stationary behind the contact lens during the period of recording if artifacts are not to appear in the tracing. It is clear that these conditions cannot be fulfilled with a young child unless some form of sedation is used, and it is our practice at the Hospital for Sick Children, Great Ormond Street, to record the electroretinogram (ERG) under general requires some illumination in order to satisfy himself of the child's general condition during the entire period of the examination. We have therefore devised a technique of surrounding the child's head with a dark box from which the light is excluded, so that the eyes can be darkadapted despite the fact that the examination room remains illuminated.
Because of the nature of this mass retinal response, electroretinography is limited in its clinical applications. As the potential arises in the outer retinal layers, it does not reflect the health of the retinal ganglion cells or of the optic nerve, so that the ERG response is of normal amplitude and wave form in eyes which are blind as a result of optic atrophy, as well as in patients who have profound visual defects as a result of disorders of the optic radiations or of the visual cortex. In the same way, as the receptors in the macular area comprise only a small proportion of the total number of retinal receptors, the ERG response is not significantly reduced in amplitude in the presence of a lesion limited to the macular region alone, although this may cause a profound visual deficit. There are, however, a number of conditions in early childhood in which there is a widespread abnormality of the outer layers of the retina and it is in their diagnosis that electroretinography is most important.
The congenital form of tapetoretinal degeneration which is termed Leber's congenital amaurosis is the most significant of these. In this condition there is a profound disturbance of the function of the outer retinal layers from the time of birth, which is reflected by a marked reduction or extinction of the ERG response. It shares this feature of early ERG extinction with adult retinitis pigmentosa, but it differs from this condition in several ways. Most importantly, it affects the central as well as the peripheral retina from an early stage, so that visual acuity is grossly defective from birth. In addition, in infancy at least, although there is usually marked pendular nystagmus, and an impairment of the pupillary light reflexes, there is little or no abnormality to be seen on ophthalmoscopical examination of the fundus; in later childhood, however, attenuation of the retinal arteries, pallor of the optic disc and a pathological pattern of retinal pigmentation affecting the macular area as well as the peripheral parts of the retina does develop. It follows that in young children the severe visual disturbance is out of all proportion to the slight abnormalities in the appearance of the fundi and this is the most characteristic feature of the disorder. Here is an outstanding example of a situation in which clinical examination gives insufficient information to allow a firm diagnosis to be made, but the extinction of the ERG response reveals the nature and the anatomical site of the defect. An allied condition in which there is a congenital defect in the function of the retinal cones alone (congenital cone dysfunction syndrome) produces a somewhat similar clinical picture in young children although the visual defect is not so profound. In this condition the ERG response is not extinguished, as the rods function normally, but there is a diminished photopic response and a much reduced ERG fusion frequency when a flickering light stimulus is used; this is because the rod flicker frequency is much less than that of the cones. It might be thought that these conditions, both of which are inherited as autosomal recessive characteristics, were extremely rare and unlikely to be seen by the average ophthalmologist more than once or twice in a lifetime. They are in fact much more common than has been realized, and many affected children have in the past been mistakenly considered to suffer from optic atrophy or cortical blindness. If electroretinography is carried out on all young children who have a profound visual defect in the absence of a clinically obvious cause, then a considerable number of cases of tapetoretinal degeneration comes to light. In the last eighteen months, using this technique, 17 such cases have been diagnosed at the Hospital for Sick Children, Great Ormond Street.
Electroretinography is also an important objective method of assessing the health of the retina when this is obscured from view either by a severe corneal opacity or by a cataract. As the light flash is diffused by the opacity it provides an adequate stimulus, and a normal ERG response is obtained if the majority of the retinal receptors are functioning normally. Such information may be of considerable assistance to the ophthalmic surgeon in reaching a decision as to whether or not corneal grafting or cataract surgery is worth while in a particular case. This is particularly relevant in the consideration of re-operation in cases of rubella cataract when an initial operation may have produced an unsatisfactory visual result, often due to the reactivation of intraocular virus-induced inflammation.
The investigation is also of value in the differentiation of pigmentary retinopathies in childhood, for it is only in primary pigmentary retinopathies due to tapetoretinal degeneration that there is an early extinction of the ERG response. Again, it is of genetic and social importance in the early detection in childhood of a tapetoretinal degeneration where there is a family history of a similar disorder; for extinction of the ERG response antedates the onset of visual symptoms and clinical signs in many affected patients. Finally, the ophthalmologist may be of great assistance to the peediatric physician if he is able to diagnose a tapetoretinal degeneration at an early stage when it is only one aspect of a widespread hereditary disorder, such as Cockayne's syndrome, the nature of which might otherwise be in doubt; this he can do by studying the ERG response.
Visually evoked cortical responses: The second electrodiagnostic investigation which is valuable in early childhood is the assessment of the cortical responses induced by light stimulation. These responses have been studied for many years by examining the EEG recording from occipital skin electrodes when repeated light flashes are presented to the eyes. Those changes in potential which are seen in the recording occurring at the same frequency as that of the stimulating light have been induced by the light; if such responses are seen, they demonstrate that there is no profound defect of the eyes, ofthe visual pathways or of the visual cortex.
Great experience in the technique is necessary for an observer to pick out these evoked responses from the background cerebral electrical activity which is also seen on the EEG tracing, and a refinement of this method which has recently become available through the use of small special purpose computers such as the computer of average transients (CAT) is therefore very A-> -, B --_ / Fig 4 Visual evoked reponses. A, in a normal child. B, in a child with severe optic atrophy following a subdural ha?morrhage welcome. Such instruments are able to summate a series of electrical potentials fed into them. In the technique which we employ a mid-line skin electrode is placed one inch (2-5 cm) anterior to the external occipital protuberance as the input to the CAT and earth and reference electrodes are applied to the mastoid prominences or to the lobes of the ears. A series of light flashes at a frequency of about 3 per sec is then presented to the eye and at the same time the stroboscope triggers the input to the CAT so that it records the occipital potential changes for a period of 200 msec after each of the flashes; the summated response after 100 light flashes is then written out. The advantage of this technique is that only those electrical changes which occur at the same interval of time after each flash, and which represent the visually evoked response (VER), add up so as to appear in the final tracing; random and out-ofphase cerebral electrical activity is not summated, and so forms no significant part of the total recorded response. As the investigation is quite painless, it is possible for it to be carried out without general anesthesia even in small infants, who can lie in their mothers' arms, although in some cases mild sedation is required. Fig 4) . As a dominant proportion of the visual cortex is concerned with macular function, the VER is principally a measure of macular function and this is a very important feature. The VER is, therefore, markedly reduced in amplitude if there is a considerable defect in the function of the macula itself, or in those fibres in the optic nerves and optic radiations which transmit macular sensation, or in the visual cortex itself. It follows that the assessment of the VER is of more clinical value than is the assessment of the ERG response where a view of the fundus is obscured by opacity of the media. For if the VER is normal then there is no gross defect in any of the pathways subserving macular function. On the other hand, as has already been discussed, These are a tapetoretinal degeneration, optic atrophy, cortical blindness and 'apparent' blindness. The most important clinical signs which help to differentiate these conditions are the presence or absence of pendular nystagmus, the state of the pupillary light reflexes and the appearance of the optic discs. Pendular nystagmus is the result of a defect in the sensory side of the ocular fixation reflex; it is therefore a feature of cases of tapetoretinal degeneration and of optic atrophy when these conditions affect the central visual acuity of both eyes. In cortical blindness, however, the cortical fixation 'centre' is itself damaged, so that nystagmus is not usually a prominent feature of this condition; nor is it present in cases of 'apparent' blindness. As the pupillary light reflexes are mediated through a subcortical pathway, they are defective in cases of congenital tapetoretinal degeneration and of severe optic atrophy, whereas they are intact in cases of the ERG response will be normal even in the presence of a severe functional abnormality of the macula alone, or of the optic nerves, or of the visual cortex. The state of 'apparent' blindness which may be seen in young mentally retarded children who are unresponsive to visual stimuli despite the fact that their visual apparatus is intact has alrady been referred to; it is of interest to note, therefore, that such children have normal ERG responses and normal visually evoked responses because there is no defect in their retina or in their visual pathways (Fig 5) . It is thus possible to differentiate between real and apparent blindness by the use of electrodiagnostic investigations in those cases in which the discrimination cannot be made on clinical grounds alone. In addition, cases of optic atrophy and of defects in the optic radiation or visual cortex can be discerned by an assessment of the visually evoked responses when each eye is stimulated separately.
To recapitulate, and to view the problem in a slightly different way, there are four principal causes of a marked paucity or an absence of visual responses as revealed by the clinical examination of a young child whose eyes appear relatively or completely normal in appearance. cortical blindness and of 'apparent' blindness. Theoretically, it should be possible to evaluate the function of the optic nerves by assessing the appearance of the optic discs. However, the normal variation in their colour in the early years of life is so great that it may be extremely difficult to differentiate between physiological and pathological pallor by ophthalmoscopical examination, so that assessment of visually evoked cortical responses may be of assistance in the diagnosis of optic atrophy in young children. Table 1 sums up the differentiation of these four conditions in terms of the clinical and electrodiagnostic features.
At present, the apparatus required for carrying out these investigations with young children is available at only a few centres in this country. I hope that this discussion will have indicated the considerable clinical aid that electrodiagnostic investigations can give in the assessment of visual function in young children and will have suggested that they should be more widely applied.
